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Summary 

We have studied to develop an intravascular 
device with an infrared free electron laser (FEL) 
to treat occlusive carotid atherosclerotic lesions. 
In this study, we irradiated the FEL with a wave
length of 5.75 pm on surgical specimens of hu
man atheromatous carotid plaques. After the 
irradiation on a cholesterol-ester-accumulated 
portion of the carotid plaques under proper con
ditions, a microscope transmission FTIR (Fouri
er Transform Infrared) spectroscopy showed that 
the peak of a tissue infrared absorption spectrum 
corresponding to the molecular vibration of cho
lesterol ester (5.75 pm) disappeared. Tissue dam
ages associated with the irradiation were not his
tologically noted. This study demonstrated that 
irradiation of FEL can selectively remove cho
lesterol ester from the human atheromatous 
carotid plaques. 

Introduction 

Infrared free electron lasers (FEL) are find
ing promising applications in a broad range of 
fields, including basic research into condensed 
matter physics, medicine and bioscience, nu
clear energy and electronics. FEL uses also 
have been reported in medicine 1-3 . We evaluat
ed treatments of obstructive carotid artery dis
eases based on methods employing FEL. 

The primary component of arterial athero
matous plaques is cholesterol ester, an ester 
bound combination of cholesterol and fatty 
acids, including oleic and linoleic acids. Irradia
tion by FEL with a wavelength that corre
sponds to the molecular vibration of this ester 
bond (5.75 /lm) is reported to selectively de
grade and eliminate cholesterol esters 4,5. We 
evaluated how this interaction with infrared 
FEL would provide low invasion and preven
tive treatment of atherosclerotic lesions in the 
carotid artery. An intravascular FEL treatment 
was developed to selectively remove cholesterol 
esters deposited in arteriosclerotic plaques. 

Experimental Studies 

We applied FEL irradiation to slices of hu
man arterial atherosclerosis and evaluated the 
effectiveness of selective removal of choles
terol esters by changes in the infrared absorp
tion spectra using microscopic transmission 
FTIR (Fourier Transform Infrared) spec
troscopy. The peak in the infrared absorption 
spectrum derived from the intermolecular 
stretching vibration specific to an ester bond of 
cholesterol ester exists near 5.75 /lm 6-8. 

Laser light with a wavelength of 5.75 /lm and 
power density of 15.9 w/cm2 was used to irradi
ate intimal slices of extracted human arterial 
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atherosclerotic plaques. Peak signals derived 
from an ester bond of cholesterol ester de
creased in height with irradiation time, and dis
appeared after 180 s. No other changes were 
observed in infrared absorption spectrum at 
180 s of irradiation and no histological damage 
was noted. 

Discussion 

Laser angioplasty devices using conventional 
lasers have been used clinically to re-open ob
structions in the coronary and peripheral arter
ies. These lasers are generated using light that is 
emitted (simulated emission) when a specific 
energy level of lasing medium (YAG crystal, 
CO2, etc.) is forced into continuous inversion 
and electrons in an excited state fall to a lower 
energy level. 

Therefore, they are continuous waves (CW) 
with a specific wavelength determined by the 
lasing medium. Conventional intravascular 
laser treatments are used for degradation, abla
tion or emulsification of thrombi and athero
sclerotic plaques, and application to cerebral 
vessels is difficult 9-11 • 

We have developed intravascular laser treat
ment using infrared FEL to selectively elimi
nate cholesterol ester deposition in atheroscle
rotic plaques. FEL uses synchrotron irradia
tion as the light source that is emitted when 
electrically charged electrons from a linear ac
celerator are forced to wiggle while passing 
through an undulator. There is a range of 
wavelengths due to differences in particle 
speed. Therefore, an FEL, emitted as a pulsed 
laser with high peak power, can be obtained by 
synchronizing the laser beam. Adjustment of 
the irradiation source and a linear accelerator 
settings, and strength of the magnetic field in 
the undulator enables arbitrary wavelengths to 
be generated across a broad range, including 
the infrared region. Devices in the Institute of 
Free Electron Laser, Osaka University, FEL 
covers a wide range of wavelengths: between 
35 /lm and 40 /lm 12-14. 

Infrared FEL exploits the specific IR sensi
tivity of biological molecules, such as proteins, 
sugar chains and lipids, which allows the regu
lation and the analysis, both structural and 
functional, of a target biomolecule. Irradiation 
by an infrared FEL with the chosen wavelength 
excites the corresponding biomolecular site to 

enable regulation of various chemical reac
tions. Our purpose in this study was to selec
tively degrade cholesterol esters, the primary 
component of arterial atheromatous plaques, 
using FEL. 

The ester bond between oleic acid and cho
lesterol in the cholesterol ester has a particular 
stretching vibration at 5.75 /lm. Awazu et Al 
demonstrated that irradiation of atherosclerot
ic vessels in rabbits with FEL light at this wave
length degraded and eliminated cholesterol es
ters selectively 4. However, a FEL irradiation at 
a 6.1 /lm wavelength, equivalent to the stretch
ing vibration of the amide I bond, protein 
abundant in the body, did not remove choles
terol esters selectively, but changed the peak of 
infrared absorption spectrum derived from 
amide I bonds and ablated elastic fibers of the 
blood vessels 4,15. 

When FEL light was applied as a source of 
radiation to cholesterol esters and albumin 
films at wavelengths of 5.75 and 6.1 /lm under 
certain conditions, 5.75 /lm FEL resulted in 
degradation of cholesterol esters alone, and 6.1 
flm light caused albumin ablation without cho
lesterol ester degradation 5. 

This study, as well as the above reports, 
shows that cholesterol esters contained in hu
man carotid atheromatous plaques can be se
lectively eliminated using FEL light with a 
wavelength of 5.75 /lm under appropriate con
ditions. 

An intravascular technique to apply FEL ir
radiation to plaques may be a useful therapy. 
Stent implantation and percutaneous translu
minal angioplasty have been used as intravas
cular treatments for obstructive lesions of the 
carotid artery 16. Some countermeasures should 
be taken against distal embolization of soft 
plaques in vasodilatation of arteriosclerotic le
sions. Although various devices have been de
veloped to protect against embolisms, less inva
sive procedures are more desirable because 
atherosclerotic lesions in the vessels are usually 
highly advanced. A FEL is able to selectively 
degrade cholesterol esters, primary constituents 
of atheromatous plaques, without damaging 
other tissues. It shows promise as a low invasion 
technique, particularly on soft plaques that can 
cause distal embolism. 

Atherosclerosis in the neck region is often a 
heterogeneous disease, with associated bleed
ing and calcification. Further investigation is 
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needed on the effects of FEL irradiation using 
more clinically representative samples. A thin, 
flexible laser fiber that can pass through a guid
ing catheter for intravascular treatment also 
needs to be developed 4.17. 

We plan to conduct animal studies to investi
gate irradiation method in the body. 
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